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SERUM 25-HYDROXY VITAMIN D, PHYSICAL ACTIVITY
AND COGNITIVE FUNCTION AMONG OLDER ADULTS

H. Eymundsdottir'?, M. Chang®?, O.G. Geirsdottir'?, P.V. Jonsson***, V. Gudnason*®, L. Launer’,
M.K. Jonsdottir®?, A. Ramel'?

Abstract: Objective: To investigate the association between 25-hydroxy vitamin D (250HD) and cognitive function with particular
consideration of physical activity (PA) in Icelandic older adults. Design: Cross-sectional study. Setting: Iceland. Participants:
Old adults aged 65-96. The final analytical sample included 4304 non-demented participants. Measurements: Serum 250HD
was categorized into deficient (< 30 nmol/L, 8%), insufficient (31-49 nmol/L, 25%) and normal-high levels (>50 nmol/L, 67%).
Cognitive function assessments included measurements of memory function (MF), speed of processing (SP) and executive function
(EF) all categorized as low and high (divided by 50th percentile). Multivariate logistic regression analysis was used to calculate
the odds ratio (OR) for having high cognitive function. Results: Serum 250HD was positively associated with cognitive function.
Adjustment for PA and other potential confounders diminished this association only partially. Compared to participants with
normal-high levels of 250HD, those with deficient levels had decreased odds for high SP (OR: 0.74, CI: 0.57-0.97), high MF (OR:
0.55; CI: 0.43-0.71) and high EF (OR: 0.76, CI: 0.57-1.0). Conclusion: Serum 250HD below <30 nmol/L was associated with decreased
odds for high cognitive function among community dwelling old adults as compared to those with 250HD above > 50 nmol /L.
Neither PA nor other potential confounders explained the associations between 250HD and cognitive function. Future studies

should explore mechanisms and the potential clinical relevance of this relationship.
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Introduction

Serum 25-hydroxy vitamin D (250HD) has been
recognized as crucial for maintaining calcium and
phosphate homeostasis which is important for bone
health (1). Further, epidemiological studies have
indicated associations between low 250HD levels and
a variety of chronic illnesses including type 1 and type
2 diabetes (2), autoimmune diseases and liver disease
(3, 4) In recent years there has been a growing interest
in the potential role of vitamin D in cognitive function
(5-9). Older adults are at a higher risk for 250HD
deficiency than younger people (10) and several studies
have reported a positive correlation between 250HD and
cognitive function in this vulnerable group (6, 8, 9).
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In general, aging is associated with reduction in brain
tissue volume with concomitant declines in cognitive
function (11). Impairment in cognitive function has also
been linked to lifestyle factors, such as physical inactivity
in older adults (12, 13). Evidence from physical activity
(PA) intervention studies also indicates that PA might
have a role in preserving cognitive function among older
individuals (14).

Interestingly, low PA has also been associated with low
levels of serum 250HD (15), possibly related to the lack
of sunlight exposure. Since several previous studies, that
have investigated serum 250HD and cognitive function,
have not used statistical correction for PA (16, 17), it
remains unclear whether the association between 250HD
and cognitive function among older adults is direct or
whether it is mediated by PA.

The aim of the current study was thus to investigate
the cross-sectional associations between 250HD and
cognitive function with particular consideration of the
potentially mediating effects of PA using data from the
Age Gene/Environment Susceptibility-Reykjavik Study
(AGES-Reykjavik), a large population based cohort of
older adults living at a northern latitude.
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Subjects and methods

Study population

The AGES-Reykjavik Study (AGES-RS) examined risk
factors for diseases in old age, including environmental
factors and genetic susceptibility, and their interactions.
Briefly, the AGES-RS is a continuation of the Reykjavik
Study in Iceland. The Reykjavik Study was initiated in
1967 by the Icelandic Heart Associations and included
men and women born in 1907-1935 living in the
Reykjavik area [18]. During 2002 — 2006, 5764 persons
randomly chosen from survivors of the Reykjavik Study
cohort were re-examined for the AGES-RS. Participants
completed a questionnaire, underwent a clinical
examination, and completed a cognitive test battery.
Details on the study design and the baseline AGES-
RS assessments have been given elsewhere (19). The
study was approved by the National Bioethics Committee
in Iceland (approval VSN-00-063), The Data Protection
Authority, and by the National Institute on Aging
Intramural Institutional Review Board. Written informed
consent was obtained from all participants.

Serum 25-hydroxy vitamin D measurement

The accredited THA laboratory performed 250HD
measurements in batch using unfrozen serum samples
and the Liaison chemiluminescence immunoassay
(DiaSorin Inc, Stillwater, Minnesota). The inter-assay
coefficient of variation was < 6.5 % when calculated data
are from measurements using a frozen serum pool as the
control sample and < 12.7 % when calculated data is from
measurements using Liaison quality controls. Existing
serum 250HD levels were then standardized according
to the international Vitamin D Standardization Program
(VDSP) as previously described (20). Standardized serum
250HD was used as categorized variable in statistical
analyses based on Guidelines for Health Professionals
from the National Institutes of Health (2014 ) (21). The
cut points of serum 250HD used in this study were
as follows: deficient (< 30 nmol/L), insufficient (31-49
nmol/L), normal-high levels (= 50 nmol/L).

Cognitive function assessment and dementia

Assessment of cognitive function included nine
tests, or test components, focusing on three cognitive
domains, i.e., memory, processing speed and executive
function. For each of the domains, a composite score was
constructed based on a theoretical grouping of the tests
and by converting raw scores into standardized z scores
reflecting the distribution within the study sample. The
inter-rater reliability for all tests was excellent (Spearman
correlation coefficients range 0.96-0.99) (22).

The memory composite measure included the

immediate and delayed-recall portions of a modified
version of the California Verbal Learning Test (23) . The
processing speed composite measure included the Digit
Symbol Substitution Test (24), the Figure Comparison
Test (25) and the Stroop Test (26) Part I (reading) and
Part II (color naming). The executive function composite
measure included the Digits Backward Test (24),
a shortened version of the CANTAB Spatial Working
Memory test (27)and the Stroop Test, Part III (word-color
interference). The three domains of memory, processing
speed and executive function composite measures were
each categorized into low (lower 50%) and high (higher
50%) making each domain a binary variable.

A consensus diagnosis of dementia made by
a team composed of a geriatrician, neurologist,
neuropsychologist, and a neuroradiologist was made
according to international guidelines from the Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition (28).

Covariates

A number of covariates were included in the present
study including demographic, anthropometric, lifestyle,
laboratory and disease-related variables:

Education was categorized into four levels (elementary
school, high school, undergraduate, more than
undergraduate education).

Body mass index (BMI) was calculated as kg/m?2.
Smoking status was evaluated as ever vs. never smoker.
Alcohol consumption was evaluated as either currently
consuming vs. not consuming. Cod liver oil consumption
(never, less than once a week, 1-6 times a week, daily) and
multivitamins (yes/no) were assessed via questionnaire.

Leisure time physical activity was assessed by a self-
reported questionnaire. Participants were asked, how
many hours per week they participated in moderate/
vigorous intensity physical activity in the past 12 months.
Predefined answer categories were never, rarely, weekly
but <1 hour per week, 1-3 hours per week, 4-7 hours per
week and more than 7 hours per week. In final analysis
physical activity categories were combined into 1. none, 2.
< 3 hours/week or 3. > 3 hours/week.

Participants were instructed in advance to bring
all medication they had used during the preceding
two weeks before the clinic visit and were categorized
into < 4 medication vs. = 5 medication. Diabetes mellitus
was defined by a physician’s diagnosis of diabetes, use
of diabetes medication and/or fasting blood glucose
of >7.0 mmol/L. Hypertension was defined at baseline
by a physician’s diagnosis of hypertension, use of
hypertension medications and/or blood pressure above
140/90 mm Hg.

A high level of depressive symptoms was classified
as a score of > 6 on the 15-item Geriatric Depression
Scale (29). APOE alleles were genotyped on a subsample
of 2113 people using standard methods (30). APOE
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genotypes were grouped as APOE &4 carrier (¢3/4, and
e4/4 genotype) and APOE &4 non-carrier (e2/2, €2/3and
€3/3).

Analytical Sample

Of the total cohort (N=5764), 5519 had measurement of
serum 250HD, and 4699 of those had complete data on
cognitive function. All subjects with dementia diagnosis
(n=180, 3.1%) and APOE genotypes €2/4 (n=115, 2.0%)
were excluded from analysis. Participants with APOE
genotypes 2/4 were excluded since the allele € 2 and ¢ 4
have opposite effects on the risk for cognitive impairment
and dementia[30]. The final sample having complete data,
included 4304 participants (Figure 1). Compared with
those who were not included in the analytical sample,
those included were significantly younger (76.31+5.4
vs. 80.4246.7 years, p < 0.001) and less likely to have
diabetes (11.9% vs. 18.4 %, p < 0.001), but the two groups
did not differ significantly by gender, blood pressure or
medication use.

Statistical analysis

Statistical analyses were carried out using IBM SPSS
version 22.0 (SPSS, Chicago, IL, USA). Differences
between participants in the 250HD- or PA-categories
were calculated using chi-square test for categorical
variables and analysis of variance (ANOVA) for
continuous variables (normally distributed).

The associations between 250HD and each of the
three cognitive domains were examined using logistic
regression models with a different degree of statistical
correction. Therefore, the z scores of the three domains
were converted into binary variables (low and high)
using the 50th percentile as a cut point. Model 1 included
250HD categories, age, sex and education; model 2 added
PA; and model 3 additionally included BMI, medication
use, diabetes, hypertension, depressive symptoms,
alcohol consumption and smoking status as covariates.
The level of statistical significance was set at p < 0.05.

Results

Deficient and insufficient levels of 250HD were
observed in 8% and 25% of the participants, respectively,
whereas 67% had normal-high levels (Table 1). All of the
lifestyle-, and disease-related variables were different
between the three 250HD groups. Cod liver oil and use
of multivitamin supplements were associated with higher
250HD.

Figure 2 shows the associations between cognitive
domain scores and PA stratified by 250HD. PA was
associated with higher cognitive function in the normal-
high and in the insufficient 250HD category, however,
these associations were less clear in the deficient category.

Figure 1
Flow chart

5519 Participants with baseline
250HD

—_— | 820Incomplete cognitive
function data excluded

4699 Complete data in all three
cognilive function

115 APOLE genotypes £2/4
excluded
_ .

180 Diagnosis of dementia
d excluded

4717 Normal cognilive function
or mild cognitive impairment

413 Missing covariale dala
excluded

.

4

4304 Participants included in
final analysis

Figure 2
Standardized composite scores of each cognitive domain
according to three categories of leisure time physical
activity(PA); categorized as none, < 3 hours/week or >3
hours/week. The figures are stratified by three categories
of serum 250HD levels

*Significantly different from the PA never group.
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Table 1
Demographic and health characteristics according to
serum 25-hydroxy vitamin D concentrations among
AGES/Reykjavik participants

Deficient Insufficient = Normal-high
<30 nmol/L 31-49 nmol/L =50 nmol/L
n =331 n =1058 n=2915
8% 25% 67%
Female 69% 61% 54%
Age (years) 76.9 £6.0 76.5+5.5 76.6 £5.6
Elementary education  34% 25% 21%*
BMI (kg/m?) 279+54 27.7+54 26.7 +4.0*
Physical activity
None 56% 42% 31%*
<3 h/week 39% 49% 54%*
>3 h/week 5% 9% 15%*
Geriatric depression 8% 7% 5%*
score (=6)
Medication (=5) 45% 141% 39%*
Hypertension! (yes) 84% 84% 79%*
Diabetes? (yes) 17% 13% 11%*
Smoking (yes) 16% 12% 7%*
Daily cod liver oil 27% 42% 69%*
intake (yes)
Multivitamin use (yes) 14% 22% 36%*
Alcohol consumption 49% 59% 66%*
(ves)
Memory function® -0.24+0.9 0.007 £0.9 0.05+0.9*
Speed of processing®  -0.21+0.9 -0.05+0.9 0.04 +£0.9*
Executive function® -0.21+£0.7 -0.04+0.7 0.04 +0.7*

Data are shown as mean + SD or as %; * Significant differences between the
three 250HD categories according to chi-square test for categorical variables
and analysis of variance for continuous variables; 1. Hypertensive: systolic
BP > 140 mmHg, diastolic BP > 90 mmHg or medication for hypertension; 2..
Diabetes mellitus was defined by physician’s diagnosis of diabetes or use of
diabetes medication; 3 Standardized composite score

Results from the logistic regression analyses are shown
in Table 2. We found that participants with deficient
250HD levels were less likely (odds ratios between
0.52 - 0.76 depending on the statistical model) to have
high cognitive function as compared to participants
with normal-high 250HD levels. Differences between
participants with insufficient 250HD and participants
with normal-high 250HD were not significant in the fully
corrected models.

The differences in odds gradually diminished with
additional covariate adjustment and thus the greatest
differences between the three 250HD categories were
observed in the least corrected model 1. After additional
adjustment for PA in model 2, the odds ratios for high
function changed only marginally in the deficient group,
e.g., from 0.58 to 0.61 for speed of processing. The
changes were similar for the other domains.

In the fully corrected models the odds ratio for high
function of the deficient group remained significantly
lower for speed of processing (OR: 0.74, CI: 0.57-0.97)
and memory function (OR:0.55, CI:0.43-0.71), but not in
executive function (OR: 0.76, CI: 0.58-1.00).

Table 2
Odds Ratio* for high cognitive function dependent on
three categories of 25-hydroxy vitamin D among AGES-
Reykjavik participants

>50 nmol/L 31-49 nmol/L <30 nmol/L
(normal-high) (insufficient) (deficient)
n=2915 n=1058 n=331

OR (95% CI) OR (95% CI) OR (95% CI)

Speed of processing

Model 1 1.00 (ref) 0.86 (0.73-1.00) 0.58 (0.45-0.75)
Model 2 1.00 (ref) 0.88 (0.75-1.03) 0.61 (0.47-0.77)
Model 3 1.00 (ref) 0.93 (0.79-1.09) 0.74 (0.57-0.97)

Executive function

Model 1 1.00 (ref) 0.84 (0.71-0.98) 0.62 (0.48-0.81)
Model 2 1.00 (ref) 0.86 (0.73-1.01) 0.65 (0.49-0.84)
Model 3 1.00 (ref) 0.90 (0.76-1.06) 0.76 (0.58-1.00)
Memory function

Model 1 1.00 (ref) 1.00 (0.85-1.16) 0.52 (0.41-0.65)
Model 2 1.00 (ref) 1.02 (0.87-1.19) 0.55 (0.43-0.71)
Model 3 1.00 (ref) 1.02 (0.87-1.19) 0.55 (0.43-0.71)

* Odds ratio based on multivariate logistic regression analysis; CI = confidence
interval; OR = odds ratio; Model 1: Adjusted for age, gender, education; Model
2: Adjusted for age, gender, education and physical activity; Model 3: Adjusted
for age, gender, education, physical activity, body mass index, depression
symptoms, medication, hypertension, diabetes, current smoking, and alcohol
consumption

Discussion

In this large cross-sectional study we investigated the
associations between 250HD and cognitive function
among older individuals living in Iceland with attention
to the potentially mediating effect of PA. We found
that participants with deficient levels of 250HD were
significantly less likely to have high cognitive functioning
as compared to participants with normal-high levels.
PA itself was significantly associated with cognitive
function, which has been reported previously. It has
been suggested that PA sustains cerebral blood flow
by decreasing blood pressure, lowering lipid levels
and inhibiting platelet aggregation (31). However, in
our study PA did not seem to mediate the associations
between 250HD and cognitive function, as inclusion of
PA as covariate in statistical models barely changed the
outcomes.

In general, our participants had mean levels of
serum 250HD comparable to those reported in other
northern latitude countries (32-35). When looking at
the characteristics of our study sample, we found that
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participants with deficient 250HD levels had unhealthier
lifestyles and poorer health compared to participants with
normal-high 250HD. They smoked more frequently, had
lower engagement in PA and a higher BMI. They also had
a higher incidence of depressive symptoms, diabetes, but
lower educational levels (Table 1).

For the interpretation of the results it is important to
consider that the above mentioned lifestyle and health-
related variables can act as confounders. As seen in our
calculations, statistical correction for these variables
attenuated the relation between 250HD and cognitive
function to a certain degree. However, the association
remained significant for memory function and speed
of processing and borderline significant for executive
function.

There is a biological basis for the role of vitamin D in
cognitive function (5). Vitamin D receptors are found
in the brain area most vulnerable to aging. They are
localized in both neurons and glial cells of the brain
(36). In animals, vitamin D deficiency can affect
concentrations of neurotransmitters necessary for the
normal function of the brain (37) . Further, animal studies
have reported that vitamin D supplementation improves
learning and memory impairment related to disease (38)
or inflammation (39), which are important factors in
the ageing process. Finally, vitamin D supplementation
prevented cognitive decline in aging rats (37) in an animal
model that tried to mimic the range of human 250HD,
i.e., from deficient to normal.

In the past few years several epidemiological studies
have been published on vitamin D and cognitive function
which were recently summarized in an extensive
systematic review by van der Schaft et al. (40). This
review included 25 cross-sectional studies on vitamin D
and cognitive function. In agreement with our study, the
main result of the review was a statistically significant
worse outcome on one or more cognitive function tests
or a higher frequency of dementia with lower vitamin
D levels or -intake in 18 out of 25 (72%) studies.
Importantly, van der Schaft et al. (40)discussed and
analyzed adjustment for potential confounders to assess
the relationship between vitamin D and cognition. There
are many potential confounders, including general health,
exercise and socio-economic class, of which age, level of
education, BMI and gender are the most important ones
(40). They found that e.g., around half of the included
studies did not adjust for education or BMI. Here is where
the present study adds to prior knowledge, because we
could show that associations between cognitive function
and 250HD remained significant despite extensive
adjustment for potential confounders. However,
considering the differences in the majority of health
and lifestyle variables between participants in the three
250HD categories, we cannot exclude the possibility
of residual confounding, although the inclusion of a
wide range of covariates covering anthropometric, social,
psychological, medical and lifestyle variables reduces
such a risk.

Being cross-sectional, our study cannot determine
whether low 250HD is a cause or a consequence of
low cognitive function. Longitudinal study designs can
address this question. The above mentioned review (39)
included five prospective cohort studies showing that
participants with low 250HD had faster cognitive decline
than those with high 250HD. This was also shown in
a more recently published prospective cohort study by
Karakis et al. (41). However, as prospective cohort studies
are still sensitive to the effects of confounding, and thus
placebo-controlled randomized clinical trials are needed
to confirm results obtained from both cross-sectional and
prospective cohort studies

Strengths and limitations

It is a strength of the current study that we used
detailed cognitive assessment that allowed us to examine
specific cognitive domains in relation to 250HD. Also,
several health-related, socioeconomic, and lifestyle
variables were available for our sample, so we could
adjust for number of important confounders in the
statistical analysis. Finally, the final sample size was
large, comprising 4304 participants. However, it is an
inherent limitation of this study like all other cross-
sectional studies that one cannot disentangle cause and
effect.

Conclusion

In our sample of community dwelling old adults,
participants with deficient 250HD were less likely to
have high memory function or high speed of processing.
PA was associated with high cognitive function, however
it did not explain the associations between 250HD and
cognitive function.
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